UNCLASSIFIED

AD NUMBER

ADB072071

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
only; Test and Eval uation; NOV 1982. O her
requests shall be referred to Air Force Rocket

Propul si on Laboratory, (STINFQ TSPR), Edwards
AFB, CA 93523. Export Control.

AUTHORITY
afrpl Itr, 24 oct 1984

THISPAGE ISUNCLASSIFIED




\
(& o
AFRPL TR-82-072 AD:

D)

' 'iﬁlliil\lwﬂ}m

Final Report

lovember 1982

Y

TTCL CUT T

210:142R

gy

Solid Propeliant BEST

Reclamation Study SCAN
AVAILABLE

Authors: Thioko! Corporation
M. P. Coover Wasatch Division
L. W. Poulter P. O. Box 524

Brigham City, Utah 84202

TWR-31084

Subject to Export Control L.aws

This document contains information for manufacturning or using munitions of war. Exporting this
information or releasing i1t to foreign nationals tiving 1n the United States without first obtaining an
export license violates the Internationat Traffic in Arms Regulations Under 22 USC 2778, such a
violation 1s gcunishabie by up to 2 years 1n priscn and by a line of $100.000

Distribution hmited to U.S Government agencies only. Test and Evaluation. November 1982. Other
requests for this document must be referred to AFRPL/TSPR (Stop 24), Edwaras AFB, CA 93523

Prepared for the: Air Force
Rocke! Pronulsion
Laboratcry
Air Force Snpa:a lfechrology Center
Space Divisicn. Air Force Systems Command

Edwards Air Force Base,
Californta 93523

i

f v
Lk mmstisted! o _eit ke



jlane
BS1


FOREWORD

This report was submitted by Thiokol Corporation/Wasatch Division, Brigham
City, Utah 84302 under Contract F04611-81-C-0051, Job Order No. G-2839
with the Air Force Rocket Propulsion Laboratory, Edwards AFB, CA 93523,

The Final Report is approved for release and distribution in accordance with
the distribution statement on the cover and on the DD Form 2463.

ACKNOWLEDGEMENT

The Authors are grateful for the contributions made by JOHN BROWN
ASSOCIATES, INC, P.0. Box 145, Berkeley Heights, N.J. 07922, who seryed as

Technical Consultapt on this program. ‘M%
:;Zgljfi Ejzzfz EZE fi' 7
\ W—/

Beatrice Deak, 2d Lt, USAF Forrest S. Forbes
Project Manaqer Propellant Systems Section

FOR THE DIRECTO

ey I

Eudene G. Habekman
Chfief, Liquid Rocket Division

NOTICE

When U.S. Government drawings, specifications, or other data are used for
any purcose other than a definitely related Government procurement opera-
tion, the fact that the Government may have formulated, furnished, or in
any way supplied the said drawings, specifications, or other data, is not
to be regarded by implication or otherwise, or in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permis..on to manufacture, use, or sell any patented invention that
may be related thereto.

.-




NOTICE

THIS REPORT HAS BEEN DELIMITED
AND CLEARED FOR PUBLIC RELEASE
UNDER DOD DIRECTIVE 5200.20.
NO RESTRICTIONS ARE IMPOSED
UPON USE AND DISCLOSURE.

DISTRIBUTION STATEMENT A

=

APPROVED FOR PUBLIC RELEASE,
DISTRIBUTION UNLIMITED




lamle 5o

/)

e v e e =g
PP

-

o0 |

SECURITY CLASSIFICATION OF THIS PAGE (When Deta Entered)

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE F.EFORE COMPLETING FORM
T REPORT nuwbER 1. GOVT ACCEssiON uo.;. RECIPIENT'S CATALOG NUMBER
AFRPL-TR-82-072 A ol O 2@ '71[_.
S. TYPE OF AEPOAT & PEROO COVERED

4. TITLE (and Subtiite)
Final Technical Report

15 Sept 1981-31 July 1982

Solid Propellant Reclamation Study S P ERFORMING ORG. RRPORT NURBED
TWR-31084
7. AUTHOR(®) ®. CONTRACT OR GRANT NUMBER(s)
M. P. Coover
L. W. Poulter F04611-81-C-0051
« PERFORMING ORGANIZATION NAME ANO ADORESS 10. PROGRAM ZLEMENT, PROJECT, TASK
Thiokol/Wasatch Division ERAE PP CANE RS

P. 0. Box 524 G-2829
Brigham City, Utah 84302

11. CONTROLLING OF FICE NAME ANO AQORESS . . 12. REPOAT OATE
Air Force Rocket Propulsion Laboratery/LKCP November 1982

Edwards AFB, California 93523 18 Nunl!'i;g PAGES

4. MOMITORING AGENCY NAME & AOORESS(!! diilsrent irem Contrelling Oltics) 18. SECURITY CLASS. (af ihls repert)

AFPRO, Thiokol Corp.

Wasatch Division Unclassified
P. 0. Box 524 . ggnclusctulncnuon/oovmonoma

Brigham City, Utah 84302

V6. OISTRIBUTION STATEMENT (of thie Roport)

Distribution ligited to ﬁ.S. CoQé;nment ;géﬁcies only; test and
evaluation, Nov 1982. Other requesfs for this document must be
referred to AFRPL (STINFO/TSPR), Edwards AFB, CA 93523

17. OISTAIBUTION STATIMENT (of tha abetract! eniered in Black 20, Il diitorent rom Ropeoil)

Approved for public release; distribution unlimited.

18. SUPPLEMENTARY NOTES

19. XEZY WOROS (Continus on reverse side I/ necsssary and identily by bleck manber)

Jolid Propellant, Disposal, Ingredient Recovery, Reclamaticn, Incineration

”j ABSTRACT (Centinue on reverse side || necsssary and identity by dlask number)
Alternate methods for the disposal of solid propellants were identified and
evaluated, including laboratory tests. The methods included (a) alternate
use or application, (b) reclamation of major ingredients, and (¢) incinera-
tion. A pilot plant design was provided and an economic analysis of
alternate disposal methods conducted.

A

DD ,jun'n 1473  woimion oF 1 nov 313 OmsOLETE )

SECURITY CLASSIFICATION OF TNIS PAGE (When Late Entored)




..
SEWRNNNKF
R

N WN

. s e
LS M

s AL T e TN

RV RV
e o o
-

W N NN —
VW N -

VUV UUVESSEEPWWLUNNNNNRNRNNRH R R R e e o

RNRONNMNMOMMOMROMNOMNNMNNMROONNRNNNONDNNONMNNNON DO NDNNDNDNDN
« e o o o o o o ® o o o o o o o e o o o o o o o

e wn -

NN
o .
~ o

-

CONTFNTS

SUMMARY . ¢ ¢ « ¢ « ¢ o o o o ¢ o o s o o s o o o s s ¢+ 8
INTRODUCTION . L] L] L] L] L] . . . . . . . . . . . . . . [ . . lo

Background. . . ¢ ¢ ¢ ¢ ¢ s e 4 e 0 s 0 s e e o e s e s . 10
ObjJective . . « & ¢ ¢ ¢ o ¢ ¢« ¢ o o s s o s s 0 e 0 s e s 11
SCOPE & ¢ ¢ v ¢ o o o o o o o s o e s 8 s e e 0 e e 0 o 11

TECHNICAL DISCUSSION. . « ¢ ¢ ¢ o« ¢ ¢+ o o o o o o o o o o 12

Review of Nonincineration Disposal Methods. . . . . . . . 12
Descriptive Summary of Existing Disposal Methods. . . . . 12
McBride, William R. and Thun, Wayne E.. . ..... « « o . . 12
McIntosh, M. J. et al.. . . ¢« ¢« ¢ ¢ o ¢ ¢ o s o« s o « « o 20
Sinclair, J. E. et @l.. « ¢« ¢ o« ¢ o o o o o o o o o o o o 27
Tompa, A. S.. . « . . 5 00000O0D0GOOGO OO OO OO o K

Tompa, A. S., French, D M. 5 000 00 G 9 .. 32
Williams, Carver, and Huskins . . . . . 9 N 45
Unique and/or Original Concepts . . . . . A 1
Explosive BOOSLEr « ¢ « &+ « « o ¢ o o ¢ o o o & P 1
Selective Solveut Extraction Process. . . . v e o s s« 50
Laboratory Experiments . . . . . « « « . . 4o« « 57
Evaluation of Available Reclamation Technology. . . 60

Bench Scale Demonstration of Selected Disposal Mcchodl. . 68
Conversion of Class 1.1 Propellant to an Explosive Booster 68
Selective Solvent Extraction Process. . . . . . . . . . . 81
Review of Conventional Extraction Technology. . . . . . . 81
Nitrate Ester Extraction Process. . . . . . . . . . . « . 85
Nitramine/Inorganic Oxidizer Extraction Process . . . . . 96
Process Definition. . . . . . . + + . ¢« ¢ ¢ ¢« ¢« ¢+ . . 103

Process Model . . ¢ ¢ ¢ « « « o o o s s o o s o « « « « +108
Pilot Plant Design. . . . « ¢ « ¢ ¢ ¢ ¢ o o o o o o « & 4118
Explosive Booster . . . . . . 5 000000 . 118
Selective Solvent Extraction Process. 5 00 000o0a o ol

Incineration., . . . . . 5 0 0 o do0oo0O0O0O0O0OO0O o oS
APE-1236 Deactivation Furnace 5 00 0O0O0O0GOGO0OOO o o ol

Radford Rotary Furnace. . . . « « ¢« « o ¢ o o o« o o o« « o129
Fluidized Bed Incinerator . . . . ¢ « « ¢ ¢ ¢ o o ¢ o & =132
Miscellaneous Incinerators. . . . . . . . e o o o 134
Environmental Impact. . « ¢« « « ¢ o o & 9 e s s s s + 154
Economic Analysis . . . . . ¢« « ¢ ¢ ¢« o ¢ & . .« o 161

Introduction. . . . 5 00p 0 Q 500 00w 00 0 o oIP
Estimation of Costs for the Explosive Booster Process . . 163
Estimation of Costs for the Selective Solvent Extraction. 171
Estimation of Incineration Costs. . « . . . e e o o . 182
Comparison of the Cost Estimations of Methods of High

Energy Waste Disposal . . . . . . . . . . . . « . .« . 186
Conclusions . .« ¢« ¢ & ¢ o o o o o o o o s = o + o+ + o o 186
Recommendations . « « ¢« ¢« ¢ ¢ ¢ ¢ o o o o o o o o o s o« o 190




CONTENTS (CONT)

BIBLIOGRAPHY . . .
GLOSSARY « ¢« ¢ ¢ ¢ & o«

LIST OF ABBREVIATIONS, ACRONYMS, AND SYMBOLS . . . . . . .

e
| Accessic? Tt

ri.’ Ta¥
¥ ~Nu..u\n\"d .
1. elLifls@ti e — o ="

p—

INTTS  OREAY " .\
i

. e — ¥
tPY .-

cigtridut fony ' .

1 AVDILIbil‘;'y ’Coﬂo’

B Aveli ami/OP
Dist \‘ spoeinl %




Figure

s W N =

11
12
13
14

15

16

17

18
19
20
21
22

23

24
25

26

ILLUSTRATIONS

Process Flow Chart . . . ¢ ¢+ & ¢ ¢ ¢ ¢ o o o o o o o o o o
Waste Propellant Disposal Methods . . . . . . . . .
Separation Scheme for Crosslinked Double Base Propellant .

Propellant Reclamation Process, 100 Ton/Yr Plant for Extraction

of Nitroguanidine and Ammonium Perchlorate . . . . . . . . .
Solubility of AP and NQ in Water and in HC1 . . . . . . . .

Separation Schemz for Tartar Booster and Standard Missile
BooBLter .« . ¢ 4 ¢ 4 o 4 6 6 s s s e e s s s 8 6 s s s e s s

Separation Scheme for Sidewinder 1C, Using Toluene-Propanol and

Ethanol Amine (EA) . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o o o o o o
NHC Recovery Process Flow Diagram . . o ¢ ¢ o o o o ¢ ¢ o &
Explosive Booster Process Flow Sheet . . . . . « « « « « +
Sul-Gel Extraction from Solid Propellant Chemical Structural
Aging Program . . « o ¢ ¢ o ¢ o o s o e e o o o 6 0 e o .
Selective Solvent Extraction Ingredient Recovery Process . .
Results of Solvolysis TeSt . . « « ¢ « o o o o o o + o o
Ternary Solubility Diagram . . . . . ¢« ¢« ¢ ¢ ¢ ¢ o o o &

Effect of Temperature on Impact Sensitivity of Explosive
Booster Formulations . . . . « ¢ ¢ ¢ ¢« ¢« ¢ o« o o o o o s o o

Effect of Temperature on Friction Sensitivity of Explosive
Booster Formulations . . + o ¢ ¢ o o o o o o o o o o o

Page

Effect of Temperature on Electrostatic Sensitivity of Explosive

Booster Formulations . . « ¢« ¢« ¢ ¢ ¢ o o o o o o o o o o

Effect of Temperature on the Safe Life of a Typical High Energy

Propellant . . ¢ o« o o o o o o o o o o o o 5 0 o c
Explosive Booster Initiated with Blasting Cap . . . . .

Explosive Booster Initiated with Primacord . . . . « « .+ .« .
Witness Plate after Explosive Booster Test . . + . « o+ « o
Candidate Leaching Processes . . . . . « « o o o o o o o o &

Effect of Chip Size and Solute to Solvent Ratio on the
Extraction Rate of lIG from NEPE-HMX-AP-Al Propellant . . .

Effect of Temperature on the Extracticn Rute of NG from NEPE-
HMX-AP-Al Propellant . . . « ¢ ¢ ¢ ¢ o o o o s o o o ¢ o o =
Equilibrium Concentrations for Extract and Residue Phases .

Equilibrium Diagram for Extraction of NG from NEPE-HMX-AP-Al

Propellant . « « ¢ ¢ o o o o o ¢ ¢ ¢ ¢ o o s o o 5 0 0 0 o

Multistage Cocurrent Ex<traction of NG from NEPE-HMX-AP-Al .
3

18
22
30

35
36

41

44
47
49

51
53
58
63

71

72

73

74
77
78
79
82

89

90
91

94
95




Figure
27

28
29

30

31
32

33
34

35

36
37
38

39
40
41
42
43
44
45
46
47
48

49
50

51
52

ILLUSTRATIONS (CONT)

Extraction Rate of AP and HMX from Residue at Different Stages
of Total Solute Removal . . . ¢ ¢ ¢ ¢« o & ¢ o o o o o o o & o &

Equilibrium Diagram for HMX-AP Extraction . . « « o « « s « o &

Extraction of HMX-AP from NEPE-HMX-AP-Al Propellant Residue
with Acetone . . .« ¢« ¢« &+ &« & « & & e s e s s s s e s & 4 s

Equilibrium Diagram Contact Stage Construction for HMX-AP
Extraction . . o ¢ ¢ ¢ ¢ ¢ ¢ ¢ e e s s s s s s e o o o e o s s

Selective Solvent Extraction Process . . . . ¢ ¢ ¢ ¢ o ¢ & &

Mulcistage Cocurrent Extraction of NG from NEPE-HMX-AP-Al
Propellant . . . & ¢ ¢ ¢ o ¢ ¢ o o o o o o s s s s o o s o o

Material Flow in Ingredient Recovery Process . . . . « « + « .

Batch=-Continuous Contact Extraction of HMX-AP from NEPE-HMX-AP-
Al Propellant . . + « o & ¢ ¢ o o « o ¢ o s o« o 4 s o o s 0 s

Batch-Continuous Contact Extraction of HMX-AP from NEPE-HMX-AP-
Al Propellant with ACELONe . . « + ¢ + ¢ ¢ ¢ o o o o o o o o o

Process Flow Chart for Explosive Booster manufacture - - - « -
{lot Plant Design - Selective Solvent Extraction . . . . . .

APE 1236 Deactivation Furmace with Air Pollution Control System
LG G0 ) (0 S S S S S S S S

Rotary Kiln Incinerator System . . . « « « « « o o o o o o o &
Fluidized Bed Incinerator . . « « « o o « o « o o o o « o

Adr Curtain Incinerator . . . .« « « o o ¢ o o ¢ o o o o o o o o
Closed Pit, Batch-Type Incinerator Concept (Side View) . . . .
Batch Box Incinerator . .« « « « « » o o o & &

Wet-air Oxidation (Zimpro) Process . . . v ¢ ¢ « ¢ o « o o « @
Vortex Incinerator . . ¢ ¢« ¢ ¢ ¢ « ¢ o o o o o o o s o o o
Molten Salt Incinerator (Schematic) . . ¢« ¢« ¢« ¢ ¢ ¢ o o « o o &
Vertical Induced Draft Incinerator . . . . . ¢« « ¢ ¢« ¢ o & o &

Costs of Explosive Booster Aanufacture Using Waste High Energy
Propellant . . . ¢ ¢ ¢ o ¢ o o o ¢ o o o o o o o o 5 000 g

Effect of Capital Cost on the Unit Cost of Explosive Booster
Manufacture Using Waste High Energy Propellant . . . . . . .

Effect of Reduced Booster Sale Value on the Cost of Booster
Manufacture Using Waste High Energy Propellant

Pilot Plant Design - Selective Solvent Extraction . . . . . . .

Escimate of Labor Requirements for Ingredient Recovery Pilot
Plant . ¢ v ¢ ¢ ¢ ¢ o 6 4 o 6 6 s 6 s s s e s s et s s e e e

X

Page

100
102

104

105
107

110
111

113

114
120
123

128
131
133
136
141
144
147
151
152
155

168

169

170
173

179




Figure
53

54
55
56
57

58

ILLUSTRATIONS (CONT)

Page
Cost of Baseline Ingredient Reclamation Plant as a Function
of Plant Capacity . . . « . & o« ¢ o ¢ « s o o s s s o s o o & » » 181

Effect of Capital Costs on the Unit Crst of Ingredient
Reclamation from High Emergy Prcpellant . . . « « « « &« « &+ « o« + 183

Effect of Labor Costs on the Unit Cost of Ingredient Reclamation
from High Energy Propellant . . . ¢ « o« o o o« o o o o o o » o o « 184

Effect of By-product Credit Reduction on the Unit Cost of
Ingredient Reclamation from High Energy Propellant . . . . . . . 185

Costs of Incinerating Explosive Materials in Fluidized Bed and
Rotary Kiln Incinerators . . . . . « « o o o » o s o s o s « « - 188

Comparison of the Costs of High Energy Propellant Waste Treatment
by Incineration, Explosive Booster Manufacture, and Ingredient
Reclamation . « « « « « & & o o o s o s o o s s o s s » o o o« » o 189




w

10

11
12
13

14

15

16

17
13
13
20
21

22
23

22

25
26

TABLES

Page

Bibliogrushy of Disposal Methods . . . . . . + . « + « « « o« .
Summary of Disposal Methods . . . . . . . . .« ¢« ¢« ¢« v « o &

Materixls Uscd for Laboratory Testing . . . « « & &« « + o & &
Propeilants Investigated and Ingredient Recovery Techniques
Proposed . . ¢ ¢ ¢ ¢ ¢ o 4 ¢ s s 4 4 4 e e e e e e e e e e

Eff iciency of Aqueous Extraction of APand NQ . . . . . . . .

Solubilities of Selected Minimum Smoke Propellant Constituents
as Determined with Sol-Gel Extraction Techniques . . . . . . .

Solvent Evaluation . . . « ¢ o ¢ ¢ ¢ ¢« o o o o s o s 6o o o o s
Ternary Solubility Data - !IMX, AP, Acetone . . . . . . « « ¢« &
Ternary Solubility Data - HMX, AP, DMSO . « + ¢ v « s o » o

Ignition Sensitivity of Intermediate Products - NEPE-HMX~AP-Al
Propellant . . . . . ¢ v & ¢« v o o 4 4 e s s e e e e e e e e

Process Evaluation Criteria . . . . . . . ¢ ¢ « ¢« ¢ ¢« ¢« « o
Process Evaluation . . . .

Ignition Sensitivity Data for Candidate Explosive Booster
Maxteri@l® . . ¢ ¢« o ¢ s s 4 s 4 s e s e e e s e e e s e ..

DPetonation Sensitivity of Explosive Booster Class i.i
Propellant . . . . & & o o o o o o ¢ o o » o o o s ¢ o s o s »

Detonation Characterization of Explosive Booster Class 1.1
Propellant . . . &« & + & ¢ ¢ &+ ¢ o ¢ o o o o s o o o s o o o o

Selective Solvent Evaluation for Nitrate Ester for Binder Sol
EXCPACtION . ¢« ¢« ¢« ¢ & + ¢ ¢ o s ¢ ¢ o s s 8 e 6 4 s s e

NG/Stabilizer Extraction Rate with Methylene Chloride . .
Equilibrium Data for Extraction of NG with Methylene Chloride
Selective Solvent Evaluation for Nitramine/Oxidizer Extraction

HMX/AP Extraction Rate with Acetone. . . . . ¢ « « « &« « & + &

Equilibrium Data for Extraction of HMX~AP with Acetone NEPE~HMX
AP-Al Propellant . . o &+ o & ¢« & & o o o o & o o o o & 6 8 e
Selective Solvent Extraction Process Definition . . .
Cocurrent rxtraction of Nitrate Ester from NEPE-HMX-AP-Al
Propellant O 6 o000 O0OO0O0OO0OO0O OO O GOO OGO 0O0OOcC

Bath-Continuous Contact Extraction of Nitramine and Inorganic
Oxidizer from NEPE-HMX-AP-Al Propellant

Reclaimed Product Analysis .

.
-

Ignition Sensitivity Summary .

13
15
27

33
38

54
59
61
62

64
66
67

70

75

76

86
88
93
97
99

101
106

109

112
116

117




TABLES (CONT)

Page

27 Explosive Booster Manufacture Equipment List . . . . . . . . . 122
28 Equipment List for 20,000 1b Propellant/Yr Ingedient Recovery

Pllot Plant o & ¢ v v v o 4 4 o 4 4 s 4 e b s e e e e e e .. 126
29 Typical Materials and Percentage Destruction by WAO . . . . . 148
30 Federal Air Emission Standards for Incinerators . . . . . . . i54
31 Stage and Regional Limitations on Thermal Disposal of Waste

Munitions . & & & ¢ ¢ ¢ ¢ o ¢ o s 4 e e e e+ e s e 4 e o o 156
32 Emisgion Design Goals . . . . « « « « « « s « = o o o o « « + 158
33 Polluticn Control SummATY . . + « < o « « « o o o « o &+ o« » o+ 159
34 Demonstrated Incineration Performance . . . . + + - + « + » . 160
35 Preliminary Economic Aralysis Activities . . . . . . . . . . . 162
36 Estimatio;mbé*;l;ﬁt“£;§;;;&e;£-Costs-f;r.Minufacture of '

Explosive BcoSters . . . « . « « - « & o s s o s o o ¢ o s « o 165
37 Estimation of Product Cost for Utilization of Waste Propellant

To Manufacture Explosive Boosters . . « ¢« ¢ « « o « o« cos o o 167
38 Material Balance Calculation Results for the Prcpellant

Ingredient Recovery Process . . . . . + ¢« s « ¢« s s o o o « « 174
39 Estimation of Major Equipment Cost . . . . « « « « « « « &« « « 175
40 Summary of Major Equipment Co8tS . « &+ & ¢ « + ¢« o =« « o « « 176
41 Estimation of Plant Investment COStS . . . . « « « o« o « « « «» 177
42 Estimation of Product Cost B -

43 Baseline Incinerator COSES . « + + o « « « « o « s = « « « « « 187




SUMMARY

Three general methods for the dispcsal of waste Class 1.1 solid propel~
lants were evaluated as economically and eavironmentally acceptable alterna-
tives to open pit burning:

a., Alternate use or applicetion
b. Ingredient reclamation

C. Incineration

The alternate use evaluated was conversion of the waste propellant to an
explosive booster for use in mining, construction, and other industrial
applications. The ingredieat reclamation process evaiuated recovers the
major propellant ingredients, including the nitrate ester, nitramine., and
inorganic oxidizer by a selective solvent extraction process. Incineration
techniques evaluated included the APE 1236 deactivation furnace, the rotary
kiln, and the fluidized bed incinerator. Similar disposal metheds for com-
posite Class 1.3 solid propellants were evaluated in a separate contract.*

These methods are identified but not evaluated in this report.

Bench scale tests were conducted to provide proof of principle and engi-
neering design and scale up data for the explosive booster and the selective
solvent extraction processes. A preliminary pilot plant design was provided.
The state of the art incineration technology was assessed from published
reports and personal contacta and visits. A preliminary economic analysis of

each disposal method was conducted.

It was concluded that:

a. Alternate use of waste Class l.i propellant as an
explosive booster 1is technically feasible and
economnical on an intermediate production scale.
Distribution and marketing is restricted, however,
due to the security classification of many Class 1.l

propellant formulations.

*Manufacturing Technology for Solid Propellant Ingredients/Preparation Recla-
mation (F33615-81-£-5125), Air Force Wright Aeronautical Laboratories.




facturers. Economical operztion would therefore be

L )]
b. Reclamation of major ingredients from Class 1.1 §;\;‘;
solid propellant by a selective solvent extraction . ]
process 1is technically feasible but economical only §i s
on a comparatively large production scale. This "f
large scale is probably not compatible with the &k
projected waste propellant quantities of most manu- \\\f‘i

restricted to specialized applications such as obso-
lete motor demilitarization programs.

¢s Incineration of waste Class 1.l solid propellsnts
has been demonstrated in full scale incinerators.
Economic incineration alfo requires a comparatively
large production rate. Intermediate size incinera-
tors which address the full spectrum of propellant
and propellant contaminated wastes and their charac-
teristic emissions are not readily available.

In summary, open pit burning remains the most simple snd cost effective
method for disposszl of intermediate quantities of Class l.l solid propel-
lants. The alternative would invulve large capital investments for either an
ingredient reclamation facility or am incinerator and o~:ration of the facil-

ity on an inefficient and cost’y tasis.




SOLID PROPELLANT RECLAMATION ;STUDY

L. W. Poulter
M., P, Coover

1.0 INTRODUCTION
1.1 BACKGROUND

The solid propellant industry {in the United States produces millions of
pounds of propellant annually. Propellant types vary from simple composite
formulations containing a polymeric binder, aluminum powder, and ammonium
perchlorate oxidizer to high performsnce crosslinked, double~base formula-
tions containing nitrate esters and nitramines. Inherent to the production
process is the generation of waste propellant from mixing, casting, and
machining operations and the accumulation of overaged, obsolete and out-of-

specificaton propellant for disponal.

The majority of this surplus propellant 18 disposed of by open pit burn~
ing. This technique hay been widely accepted by the industry because of its
inherent eimplicity and low cost. In recent years, however, the passage of
strict environmental protection laws has made open pit burning unaceeotable

in many localities.

Alternative controlled incineratinn prucesses have been developed and
‘evaluated on a limited scale for diopossl of waste propellant. Army plants
at Radford, Virginia, and at Tooele, Utah, have developed rotary kiln incin-
erators. The unit at Redford is a firebrick/ceramic-lined rotary kiln while
the unit at Tooele Ordnance Depot 1s a 3-in. thick steel walled rotary kiln,
sometimes referred to as a popping furnace. The Army depot at Dover, New
Jersey (ARRADCOM) has experimented with fluidized bed incinerators. A third
experimer.tal method of propellant disposal is a wet-alr oxidation process

evaluated at the Naval Ordnance Station in Indian Head, Maryland, where high
pressure/high temperature steam was used to decompose the waste propellant. While

the controlled incineration proceases generally meet air quality standards, large

capital investments for equipment are required and operating costs are high

compared to opan pit burning.
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Interest in recent years has shifted to the recovery ané reuse of in-
gredients from waste propellants, This approach has the potential for
achieving acceptable air quality standards as well as offsetting operational
costs through reuse and/or commercial markets for the reclaimed products.
Several propellant reclamation studies have been conducted on a laboratory

scale with promising results.
1.2 OBJECTIVE

The objective of this program was to identify economically and environ-

mentally acceptable disposal or reclamation methods other than incineration

for waste solid p -opeliants,

1.3 scoree

The prograr was conducted in two phases over a ten month period. The

o e P o
two phases were: (1) identification of treatment methods, and (2} laboratory ¢

demonstrations and economic desijn analysis.

During Phase I, a survey was conducted to identify exieting nonincinera-
tion methods for the disposal of waste solid propellants. The survey includ-
ed a literature search and personal contacts. Original and unqiue disposal
concepts were also consjidered. A descriptive summary of each disposal method
was provided. Supporting laboratory tests were conducted to verify the
feasibility of original and/or unique concepts and to supplement published
results, as required., The disposal methods were cvaluated and those methods
which appeared to be economically and environmentally acceptable were selec-

ted for further evaluation in Phase II of the program.

During Phase II, bench scale demonstrations were performed for each
disposal method selected in Phase I to provide proof of principle and to
provide engineering design and scaleup data. An economic and design analysis
of each method was conducted and the cost of operation compared to the cost
of state—of-the-art incineration. The economic and environmental impact
resulting from incineration of waste solid propellants was evaluatnd. A
pilot plant dasign for the disposal mathod was provided and recommendations

made for follow-on work,

11




2.0 TECHNICAL DISCUSSION

2.1 REVIEW OF NONINCINERATION DISPOSAL METHODS
2.1.1 Descriptive Summary of Existing Disposal Methods

A survey was conducted to identify existing nonincineration methods for
the disposal of wsste, solid propellant. This survey inc..uded a literature
search and industrial and government contracte. The literature searches were
made through the following agencies:

1. Chemical Propulsion Information Agency (CPIA)

2. Defense Technical Informa®.on Center (DTIC)

3. Lockheed Dialog

4, National Aevonautics and Space Administration (NASA)

The following inlustrial and government ~ontacts were made:
1, Aerojet General Corporation (AGC)
2. Atlantic Research Corporation (ARC)
3. Hercules Incorporated (HI)
4, Naval Surface Weapons Center (NSWC)
Se Naval Weapons Certer (NWC)
6. Naval Ammunition Depot (NAD)
o United Technology Corpcration (UTC)

A bibliography of disposal methods identified from this survey is pre-
sented in Table 1. It includes disposal methods for flares and plastic bond-
ed explosives as well as solid propellants. A brief surmmary of each of the
solid propellant disposal methods is presented in the following paragraphs
and in Table 2.,

The summary includes a process description, chemical reactions, efflu-

ents, intermediate and final proructs, and a list of major equipment.

12




TABLE 1

BIBLIOGRAPHY OF DISPOSAL METHODS

PROPELLANTS

® McBride, W. R. and Thun, W. E., Sensitivity and Characterization of
Selected Ammonia Systems: Reclamation Methodogy for Ammonium
Perchlorate Propellants. Naval Weapons Center, China Lake, California,
April 1979.

e McIntosh, M. et al., Solid Rocket Propellant Waste Pisposal/Ingredient
Recovery Study. Thiokol/Wasatch, July 1975.

® Sinclair, J. E., et al., Investigation of Propellant and High Explosive

Disposal by Confined Space Shots ~II. Naval Poetgraduate School,
Monterey, California, July 1974.

® Tompa, A. S., A TG Study of the Solvolytic Breakdcym of a Crosslinked,
Double~Base Propellant. Naval Surface Weapons Center, Silver Spring,
Maryland, October 1980.

® Tompa, A. S., et al., Utilization and Disposal of Solid Propellant and

Explosive Wastes (U). Naval Surface Weapons Center, Silver Spring,
Maryland, April 1977.

e Williams, Carvar and Hugkins, Lecovery of NHC From Propellants. MICOM,
T-78-92, October 1978.
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:i. TABLE ! (Cont)

fﬁ BIBLIOGRAPHY OF DISPOSAL METHODS

FLARES

® Dinerman, C. E.,, Gilljam, C. W., Ecological Disposal/Reclaim of Navy

Colored Smoke Compositions. Naval Weapons Support Center, Crane,
Indiana, June 1976.

® Gilliam, C. W., Tanner, J. E., Flare, Igniter and Pyrotechnic Disposal.
Red Phosphorus Smekes. DJevgl Ammunition Depot, Crane, Indiana,
May 1975.

® Musselman, K. A., Isolation and Disposal of Chemical Ingredients
Utilized in Illuminating Flares. Naval Ammunition Depot, Crane,
Zndiana, 1973.

PLASTIC BONDED EXPLOSIVES

¢ Dahlberg, L. F., et al., Procedures for Recycling and Reclaiming Plastic

Bonded Explosives (U). Naval Weapons Center, China Lake, California,
1973-1975.

® Leake, E. E., Recovery of HMX From Scrap PLX-9404 High Explosive. Silas
Mason Company, Inc., Burlington, Iowa, Octnber 1973,
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2.1.1.1 McBride, William R, and Thun, Wayne E., Sensitivity and Characteri-
zation of Selected Ammonia Systems: Reclamation Methodology for

Ammonium Perchlorate Propellants. Naval Weapons Center, { 1 Lake,
California, April 1979
\(

A method for the recovery of ammonium perchlorate (AP) from CTPB and

HTPB composite propellanti using liquid ammonia was studied by McBride and
Thun. The liquid ammonia serves a dual function in this process. It is an
excellent solvent for extraction of AP and a solvolytic reagent for the chem-
ical breakdown of the CIPB Binder. The HTPB Binder was not affected. AP
recoveries of up to 992 were reported. The chemical purity of the recovered
AP was not determined. The rate of AP extraction was found to increase with
larger AP particle sizes. Agitation during AP extraction produced mixed
results due to adhesion and flotation problems. Process conditions ranged
from ~33°C (14.7 psia) to 100°C (1,000 psia). A major disadvantage of the
process is the characteristic of AP-Ammonia solutions to propagate from de-

flagration to detonation.

Process Description = A process flow chart, constructed from the report

narrative,* is presented in Figure 1. It includes unit operations for size

reduction, leaching, crystallization, and drying.

The propellant is first shredded into small pieces or chips to produce a
high surface-to-volume ratio. Since the rate of AP extraction appears to be
diffusion limited, this ratio together with the AP particle size is a major
controlling factor affecting cycle time and efficlency of subsequent leaching
operations. Chip sizes evaluated in the study ranged from 6 to 25mm in
thickness.

The propellant chips are then charged into a leaching vessel containing
liquid ammonia for the extraction of AP. A contact period of 1 to 4 hours,
depending on process temperature and propellant chip size, is required to
obtain high recoveries of AP. Several conventional contact processes are
available for leaching operations. A batch contact method appears to be best
suited for the ammonia contact process becau~e of the high vapor pressure of

ammonia and the probable pressurization requirements.

*A process flow chart was not included in the report.
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The solid and liquid phazes are then separated to form en ammonia ex-
tract solution and an aluminized binder sludge residue. The extract solution
is metered to a cryatallizer for precipitation of AP. Precipitation was

initiated in the study by solvent removal although solution cooling is an
optional method. 1In either method the ammonia solvent is recovered and re-

used.

The aluminized binder residue from CTPB propellants may be wached with
benzene to remove the degraded binder. Aluminum (Al) powder and other in-
soiubles would be left. The benzene would be recovered for reuse. Since
HTPB binders do not appear to be affected by ammonolysis, washing of the

residue is ineffective.

Chemical Reactions - The CTPB Binder is degraded by ammonolysis. A

postulated reaction mode is described below.

() 0
! 1
R-C-OCH3 + NH3 ————aTe) R’C-Nﬂz + CHJOH

No other chemical reactions were noted.

Effluents = The following materials, by-products of the extraction proc-
ess, are effluents from the process:
1. Aluminized binder residue (HTPB propellants)
2. Binder residue (CTPB propellants)

All solvents used are recovered for reuse.

Intermediate and Final P.oducts - The following intermediate products

are present in the process:
l. AP, ammonia solution
2. Binder, benzene solution (CTPB prcpellants only)

The following final products are formed:
1. AP
2. Al (CTPE propellants only)

Major Equipment - The foullowing items of major equipment are required:
1. Shredder

2. Leaching tank, pressurized

3. Crystallizer

4, Dryer
Sa Wash tank
6. Solvent still




2.1.1.2 Mcintosh, M. J., et al., Solid Rocket Propellant Waste Disposal
Ingredient Recovery Study. Thiokol/Wasatch, July 197%@

Ia a study conducied under contract to the Jet Propulsion Laboratory
(JPL), four nonincineration methods of waste composite propellant disposal
were developed. These methods were (1) direct utilization of waste propel-
lant as fire astarters for the U.S. Forest Service, (2) direct use of waste
propellant as an ingredient in a slurried explosive or blasting agent, (3)
recovery of smmonium perchlorate (AP) from the waste propellant, and (4)
recovery of aluminum (Al) powder from the waste propellant.

Fire starters are used by the U.S. Forest Service to ignite snd burn
wet, snow-covered piles of timber slach during the fall and winter seasons.
Field tests conducted indicate that propellant fire starters would ignite
snow-covered wood slash piles that conventional kerosene and gasoline fire

startere would not.

Slurried explosives are used as blasting agents for mining, constTuc-~
tion, and otker industrial applications. Waste composite propellant and
aluminized binder residue, a by-product of *he AP leaching process, were
successfully used as ingredients in slurried explosive formulations. Other
ingredients included scnsitizers such as PETN and HMX, water soluble oxidi-
zers such as ammonium and sodium nitrates and surfactants to reduce agglomer-
ations and gel agents. Formulations containing as much as 40 percent by
weight of waste composite propellant were successfully tested. Relative
energies as high as 1.32 TNT equivalents wera obtained in demonstration

testa.

AP was extracted and recovered from waste composite propellants by an
aqueous leaching pcocess. Test results indicate that extraction efficiencies
as high as 95 percent were obtaired. Fresh water residue washing increased
this efficlency to as high as 98 percent. Analytical tests indicate that
reclaimed AP meets acceptance criteria for reuse in composite propellanc

manufacture.

Aluminum powder was recovered from aluminized binder residue, a by-prod-
uct of the AP leaching process, by two methods: pyrolysis and transesterifi-
cation., In the first method, binder residue is heated to 450° to 500°C.

When the AP content of the residue is low, the binder pyrolizes and fumes

off, When the AP content approaches 15 percent, the fumes may ignite and
20




burn part of the residue. The Al rasidue left from partial ignition

often was slightly caked, but readily formed a free flowing powder when moved
or stirred. Analysis of th: active aluminum content present bofore and after
the ignition shows that it was decreased by approximately 2X. In the second
method, PBAN binder is depolymerized, filtered, and washed from the aluminum
residue. This method uses a solvent with an alcoholic solution of sodium
methoxide to transesterify the croselinked sites of the Linder system. When
moisture is excluded from the system, the highly basic alkyl oxide radical
has little effect upon the Al present, but reacts very rapidly with the
binder. Mixed solvents of either methanol and tetrahydrofuran or toluene
were effective in the transesterification reactinns. Reaction products were
readily soluble iam toluene., Test results indicate aluminum recoveries of
98.7 to 99.7 percent.

Process Description - An integrated process flow chart for the four

disposal methode is presented {n Figure 2. A description of each process is
summarized in the following paragraphs.

1. Fire starters - uncured, waste, composite propellant
is cast into 1/2- to l-gallon ice cream cartons. A
fuse 18 then inserted, the flaps tzped shut, and the
cartons placed in an oven for propellant cure. The
completed fire starters would be packaged and ship-
ped as a Class B explosive.

2. Slurried explosive - waste composite propellant is
shredded and then macerated in water to form a
finely divided slurry. A surfactant is added to
reduce adhesion and agglomeration of the propellant
particles. A water soluble oxidizer, a sensitizer,
and a gel agent are added and the slurry blended.
The completed explosive is then packaged for
shipment.

3. Ammoni:m Perchlorate Recovery = the initial step in
this process is to shred the waste propellant into
small chips to increase the surface area to mass
ratio. This ratio is a major controlling factor
effecting both the rate and efficlency of subsequent
leaching operations. Surfactants may be added to

reduce adhesion and agglomeration of propellant

particles. 21
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Figure 2. Waste Propellar;t Disposal Methods
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The smmonium perchlorate is then leached from the
propellant by intimate contact of the propellant
with hot water. Leaching may be accomplished by any
ona of several conventional countact methods includ-
ing multistage countercurrent, multistage cocurrent,
batch continuous coatact, and others. The propel-
lant slurry is agitated during the contact phase of
the leaching process to promote mass transfer.

The solid and liquid phases are then saparated to
form a coucentrated AP-vwater solution and an alumi-
nized binder sludge residue., Separation may be
accomplished by any conventional liquid-solids sepa-
ration process including screening, settling, and
filtcation. The degree of difficulty in making the
separation is proportional to the degree of subdivi-
sion and adhesion of propellsnt particles.

The concentrated extract solution is metered to a
crystallizer where it is cooled to precipitate AP
crystals. The resulting di_ute solution exiting the
crystallizer i{s returned to che leaching vessel for
reuse., Recycle of the solvent coastitutes a cloged
loop process, thereby eliminating a potential
effluent waste stream. The recovered AP may be
dried or left 1a wet cake form depending on the
planned utilization. The overall yield of the proc=
ess may be incredsed by washing the aluminized biund-
er sludge with fresh water.

Aluminum powder recovery (pvrolysis) - aluminized
binder residue, a by~product of the AP leaching
process, is charged into a furnace or retort by a
slurry pump or other conventional sludge conveyor.
The residue is heated in the retort to a temperature
of 450° to 500°C at which the binder pyrolyzes and
fumes off. The retort may be operated on a bstch or

continurus basis. The fumes would exit the retort

-~




through a bag collector, water scrubber, or other

pollution control devices.
4.,b Aluminum powder recovery (transesterification) - the
first step in this process is to dewater and dry rhe
: aluminized binder residue from the AP leaching proc-
- - ;E; ess. Total water exclusion is necessary to preclude
e side reactions in subsequent chemical treatments.
The dried residue is charged ianto a reactor. An
alcoholic solution of sodium methoxide is added and
the mixture heated to a temperature of 60°C for
approximately 1 hour. The mixture is then filtered

and washed with toluene. The degraded binder is
dissolved and removed in the toluane leaving aluminum

powder on the filter media. The aluminum powder wet
cake 18 placed in a dryer and the residual toluene
removed. The methanol, toluene, and residual sodiuvm

methoxide may be recovered for reuse.

Chemical Reactions - The following chemical reactions occur in the four

disposal methods:
1. Fire starters - the propellant binder is polymerized
in this process. A typical polymerization reaction
for an hydroxy terminated polyﬁér and an isocyanate

curing agent is shown below.

OH

1
HO~R-OH + O=C=N=R=Ne(®0 ~<==== * -R-0-C-N-R-
(Polymer) (Curing Agsnt) (Polyurethana)

The polymer formed in this reaction is referred to
as a polyurethane,
2. Slerried explosives - no chemical reactions occur in
this process.
3. AP recovery - no chemical reactions occur {n this
’ 1 :': process.
4, Aluminum powder recovery
a. Pyrolysis - the residual binder 1s decomposed

under heat according to the general equatinns:

24




CoH 00N, E:EE SnH2p42 + Hy + Ny + NHq + CO, + NO, + H,0
Other miscellaneous additives would likewisae be
decomposed to the’r pyrolysis products.

b, Transesterification - the ester groups in the

binder are reacted with sodium methoxide.

2 cizon G CH,O0H
~C~0~CH, R~ + NaOCHq =——+ ~C-OCH; + NaOCH,R~ -—+
Crosslinked COEolymerized

Polymer

Note that the sodium methoxide is reformed in

the second phase of the reaction.

Intermediate and Final Products ~ The following intermediate products

are formed in the disposal methods.
1. PFire Sterters
L Unpolymerized propellant
2. Slurried explosives
o Propellant-watar slurry
L Oxidizer-water solution
3. AP Recovery
® AP-water solution
4. Aluminum Recovery
a. Pyrolysis
L] None
b, Transesterification
] RCO2CH3 (ester)
®  NaOCHjR (alkoxide)

The following final products are produced in the four disposal methods. .
1. Fire Starters
®  Cured propellant
2., Slurried Explosives
® Propellant-water—oxidizers-sensitizer slurcy
3. AP Recovery
° Ammonium perchlorate
4. Al Powder Recovery
e Auminum powder

25
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Waste Effluent Streams - The following waste effluent streams are formed

by the four disposal methods.

1.

2.

Fire Explosives
® None
Slurried Explosives
° None
AP Recovery
° Aluminum-binder residue
Al Powder Recovery
a. Pyrolysis
° Pyrolysis products
b, Transesterification
L Degraded binder sludge

® Spent chemicals

Major Equipment - The following items of major equipment are required in

the four disposal methods.

l.

2.

Fire Starters

® Propellant curing oven

Slurried Explosives
Propellant shredder
Propellant macerator
Slurry mixer-blender
Solids feeder
Metering pumps

Recovery
Propellant shredder
Leaching tank
Crystallizer
Filter-centrifuge

.....%.....

Dryer

Aluminum Powder Recovery

a,. Pyrolysis

L Furnace or retort

° Water scrubber

26
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b. Transesterification
° Dryer
® Reactor
] Solids eeparator
° Solvent stripping unit
2.1.1.3 3Sinclair, J. E., et al., Investigation of Propellant and High Explo-

sive Disposal by Confined Space Shots — 11. Naval Postgraduate
School, Monterey, Californfa, July 19761;

A method for the disposal of botii high energy explosives zad solid pro-
pellants via detonation or deflagration, respectively, in a subterranean
spherical chamber has “een proposed by Sinclair and coworkers. The concept
was developed using supporting experimental 2vidence from laboratory scale
disposal of representative materials (see Table 3). It was found that the
combustion gas product distribution and the relative concentrations are rea-
sonably independent of the starting material. This suggested the possibili-
ties of processing the gases for material recovery, general pollution abate-
ment, or the generation of electricity via expansion through a turbine.

None of these ideas were pursued in any detail. The authors concluded that
except for high explosives too sensitive to risk uncasing, this method of
disposal is at a disadvantage compared to wet-air oxidation and controlled
incineration. Furthermore, it was stated that reclamation of the gaseous

combustion products did not, at the time of the report, seem practical.
TABLE 3
MATERIALS USED FOR LABORATORY TESTING

Secondary High Explosives

1. PETN
2. MHX
3. RDX
4, TNT

5. C-=4 (91 RDX, 9% Plasticizer)
Specific propellant compositions were not
detailed, but it was implied that those
propellants tested were of the high energy
type (that 13, containing nitrocellulose

and/or nitroglycerine).
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Process Pescription - A detailed description of how to prepare and

TTYCY,

¢ .

handle the waste materials for positioning in the chamber was not provided.

‘

It would be necesvary to attoch an ignition or detonation device on the waete
material bundle and then lower it into the chamber. For detonable wastes it

would be necessary to suspend the bundle at the center of the spherical cavi-
ty to minimize the shock wave evergy reaching the cavity walls. It ie essen-
tial that the walls react elastically to the shock. The chamber would then

be sealed and the charge initlated. As indicated earlier, no ideas for deal-
ing with the combustion product ware explored in great detail. A look at gas

recovery for the production of useful materials was found to be infeas-
ible.

Chemical Reactions - Numerous reactions take place in this process since

it is based on material combustion.

Effluents - Two effluent phases result from this process:
1. Ash which would be composed primarily of metsl
oxides in the case of propellants.
2. All of the gas phase combustion products consisting
primarily of H,0, CO, CO2, NOx and HCl.

Intermediate and Final Products - There are no products generated in

this process unless components of the effluent stream are recovered.

Equipment - The investigators explored the possibility of using salt
domes as sites for disposal chambers. Mining costs were evaluated as were
the logistical problems that would be encountered. Transportation and site
storage equipment would need to be provided since the sites would more than
likely be locsted far from the waste producing facilities. Other squipment
items can be envisioned which were not detailed in the report, such as a
winch device for lowering the waste bundles into the chambers and snother for
lowering and raising the chamber plug.
2.1.1.4 Tompa, A. S., A TG Study of Solvolytic Breakdown of a Crosslinked

Double Base Propellant. Naval Surface Weapons Center, Silver
Spring, Maryland, October 1980

A separation scheme whereby crosslinked double base propellent ingredi-
ents may be recovered for reuse has been suggested by A. S. Tompa. The
scheue features the degradation of the propellant binder via chemical reac-

tion followed by separation of oxidizer, fuel, and energetic filler by taking
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advantage of tn:zi:r differing solubility charactariatics. Tompa found

that polyurethane binders could be «{f{clently degraded by reacting ethanol-
amine (EA) with the urethane linkages in the binder neiwwsrs%: The propellant
he studied was a polyurethane crosslinked double bsse nitroglycerin (NG)

composition which, in addition, coniained ammonium perchlorate (AP), aluminum
(Al) and HMX,

Procees Description - The separation scheme that Tompa suggesated is
presented in Figure 3. The first step in any process based on this scheme

would be to reduce the size of the propellant waste to much smaller dimen—
sions using a shredder or some similar size-reduction aquipment. High sur-

face to mass ratios are essential to the efficlent processing of solid mate-
rials in a reaction system.,

The next operstion is an extraction of NG from the propellant using a
suitable solvent. Tompa suggested using dichloromethane as the solvent. As
indicated in the scheme, the extiaction solution contains NG, but 741l in
addition contair ary stabilizers, plasticizers, and unreacted binders present
in the propellant that are soluble in the selected gsolvant. It would be
necessary to process this solution in some manner to recover most of the

solvent or dispose of it in an environmentally ocound fashion.

The solids remaining after the NG extraction step are then reacted with
EA in toluene and isopropanol. This step, shown in Figure 3, indicates
isopropanol alone as the solvent, but Tompa showed the two solvents combined
to be a more effective reaction medium because the reaction rate was found to

be higher. The slurry is agitated and may be heated to accelerate the reac-
tion,

The reaction step is followed by s phase separation. The liquid phase
would contain solvents, unreacted FA, degraded binder, and any soluble mate-
rials not removed in the NG extraction operation. It would be necessary to
process this solutifon tr. recover solvent and unreacted FA as a cost reduction
measure. Tompa suggested that the solids be washed prior to separation,

presumably to remove any residual soluble organic materials.

The next operation involves dissolving both AP and the nitramine in
dimethylsulfoxide (DMS.). The insoluble aluminum metal is then separated
from the solution. Tompa suggested crystallizing the HMX by adding water to
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Figure 3. Separation Scheme for Crosslinked Double Base Propellant
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the solut.on and then simply discerding the solvent oxidizer solution,

From an economy standpoint this would be rather expensive since it would be
desirable to recover the DMSO.

A number of modifications to this separation scheme could be made to
improve its potential as a method for treating waste propellant. Solvent
cross-contamination is perhaps the most important drawback to the scheme as
presented. Thus, either including drying steps between certain operations or
selection of solvents to reduce cross-contamination would be necessary. For
example, toluene could be used in the NG extraction step and since toluene-
isopropanol is the solvent medium in the subsequent reaction no contaminaton
problems would result from carryover of solvent into the reaction vessel.
Furthermore, toluene could be used in the post-reaction washing of the solids

and then couwbined with the liquid phase separated from the reaction mixture
for solvent recovery.

The AP and HMX recovery operations could be modified to avoid the expen-
sive recovery of solvent by distillation. For example, after the solids wash
step with, say, toluene, the material could be dried to remove all traces of
the solveat and then treated with watasr to remove AP. T'.2 AP could be crys-
tallized and the water recycled. The wet Al-HMX mixture could be dried and

treated with acetone to remove HMX for subsequent recrystallization and re-
cycling of the acetone.

Chemical Reactions - The postulated reaction of ethanolamine and the

urethane linkage is as follows:

0 0
1 L

ZCH,NHZ + R'-N-C-0-R =-—-+ R'-N-C-NHCH,CH.,OH + ROH

HOCH 2,

This 1is the only chemical reaction in the process.

Effluents - Several eft.uent streams would accompany a process based on
Tompa's separation scheme.
1. The solvent-NG solution which will include other
soluble components would need to be treated to re-
cover the NG, or it could be discarded.
2. The liquid phase resulting from the reaction step
would contain binde¢. residue, unreacted EA, and

perhaps plasticizer. A solvent recovery step would
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be necessary to reduce solvent and reactant loss.
The eventual effluent could be a binder—residue-rich
liquid which could then be either burned cr disposed
of by landfill,

Intermediate and Final Products - The following intermediates are

present in the separation scheme (as described):
1. Propellant after NG extraction
2. Al, AP, HMX
3. AP, HMX, DMSO

The final products are as follows:

1. Al
2. AP
3. HMX

4, NG (possibly)

Equipment -~ Necessary equipmernt includes:
1. Shredder
2. Leaching tanks
3. Crystallizers (2)
4, Driers
2.1.1.5 Tompa, A. S., French, D. M., Utilization and Disposal of Solid Pro-

pellant and Explosive Wastes. Naval Surface Weapons Cer.ter, Silver
Spring, Maryland, Aprii 1977

Separation schemes for the recovery of ingredients trom several compos-=
ite propellants have been proposed by Tompa and French. Each of the suggest-
ed schemes involves either degreding the binder via chemical reaction with
subsequent recovery of the desired materials or leaching the desired ingredi-
ents out of the binder network leaving the polymer intact. All of the pro-
pellants studied and for which separation schemes were suggested contained
ammonium perchlorate (AP) as the oxidant. The binder degradation method was
proposed for those formulations which in addition contained aluminum (Al),
since that method iz the only reasonable means of recovering this material.
Propellants which d31 not contain Al were subjected to a leaching process to
remove soluble ingredients. The five propellants which were extensively
studied by the investigators and for which processing schemes were suggeoted
are presented in Table 4. Three separation schemes were described as indi-

cated in the table and flow diagrams for each are depicted. The following
32
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discussion of each of the processes details the operations involved,

equipment requirements, intermediates, products, and effluent streams.

Ammonium Purchlorate -~ Nitroguanidine Leaching Process

Process Description - The propellants studied which led to the develop~

ment of this process were the Tartar and Standard Missile Sustainer formula-
tions. The investigators designed a batch mode pilot plant for which the
equipment~flow diagram is shown in Figure 4. The process takes advantage of
the differing solubilities of AP and nitroguanidine (NQ) in water (see Figure
5).

Since ingredient separation in this process is accomplished by leaching
the materials from the propellant, it is important that the slurry introduced
to the extraction vessel contain propellant chunks having a reasonably con-
sistent size distribution. Thus a shredder or some other suitable size re-

duction equipment must necessarily precede the slurry storage vessel.

The next operativa involves charging the extraction vessel with a batch
of the propellant slurry. The investigators indicated that a long ccntact
time between propellant and water in the slurry storage tank at =zubient tem=
perature would be sufficient to remove most of the AP from the propellant.

It was thus implied that little 1f any time is required at this point for
removal of AP from the solids. Since NQ is significantly less soluble in
water than AP at thc temperature of the aixture, cross-contamination is mini-

mized.

The aqueous AP solution 1is separated from the solids and filtered to
remove suspended fines. An activated carton absorption column is then uti-

11zed to remove the small amount of NQ present in the solution.

The final operation in the AP recovery segment of the process is the
evaporative crystallization of AP from the solution followed by an acetone
wash. The wash is presumably necesaary to remove residual organics. The
spent acetone is then fed to a solvent recovery unit which also serves the NQ
recovery segment of the process. The aqueous solution resulting from the

crystallization could be recycled to the slurry tank.

After the aqueous AP solution has been separated from the solids in the

extraction vessel, fresh water and filter caka from the filter described
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Figure 4. Propellant Reclamation Process, 100 Ton/Yr Plant for
Extraction of Nitroguanidine and Ammonium Perchlorate
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above are added to the vessel and the mixture is heated for several hours
at 110°C. At this temperature the solubility of NQ is suffiziently high to
permit effective removal from the solids provided a high enough water—-to-
solids ratio is used.

After this digestion operation is completed, the liquid is separated
from the solid residue. It is then filtered and cooled to crystallize the
NQ. The resulting filtrate will have a low concentration of AP and the in-
vestigators suggested coupling the filtrate stresm to the AP geparation stream
Just above the filter. 1In this way a potential pollution problem is

avoided.

The crystallized NQ is then washed with cold water and acetone to remove
residual contaminants. The acetone is recovered by distillation along with
acetone used in the AP segment of the process.

It was pointed out that the spent binder and bottoms from the solvent
a8till have some fuel value and thus can be sold or used to defray operating

costs.

Data showing the dependency of percent recovery on the temperature and
time of the extraction process were included in the report and are her: re=
produced in Table 5 in support of the discussion. Note that if the initial
slurry of propellant were to require no further processing in the extraction
vessel as was suggested earlier, it would have to be blended with water about
2 weeks prior to processing. The slurry would have to be kept at about 25°C
to preclude appreciable dissolution of NQ.

Chemicai Reactions ~ There are no chemical reactiors involved in this

process. Ingredient separation is based solely on the relative solubilities
of AP and NQ in water.

Effluents ~ The following describes process éffluents.‘
1. The binder residue resulting from the NQ leaching
operation is one of the process effluents. If the
NQ solution was simply drained from the residue for
further processing, the waste would hold up a quan-
tity of the NQ-rich liquid. Depending on the effi-
ciency of the AP leaching operation, there would
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TABLE 5

EFFICIENCY OF AQUEOUS EXTRACTION OF AP AND NQ
(1/2-In. Cubes)

.....

Aquecus Extraction of Standard Miseile Sustainard
Extraction Exper No. 1 2 3 4 5 6 7 8
Time, Days (25°C) 1 7 14
Hours (110°C) 1 2 3 2¢ 3¢
% AP Recovered® 62 83 99 73 90 96 99 99
Z NQ Recovered® 0 0 0.5 29 55 72 76 85
. Aqueous Extraction of Tartar Sustainer®
;
(! Extraction Exper No. 1 2 3 4 5 6 7 8
Time, Days (25°C) 1 7 14
Hours (110°C) 1 2 3 2¢ 3c
% AP RecoveredP 63 76 99 64 73 83 84 90
X NQ Recovered? 0 0 0.2 32 43 60 63 74

833,3 ¢+ 0.20 g in 100 1wl of water.
bpercent based on recovered divided by theoretical.
Csolvent decanted ufter each hour and fresh solvent added.
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also be some AP in both the liquid holdup of the
binder residue and in the waste as the solid. Thus,
a number of faciors will influence the composition
of this waste stream.

2. Another process effluent is the bottoms product of
the acetone recovery still. If the AP and NQ pre-
cipitates are not dried prior to washing with ace-
tone, the feed to the still will contain water.
Since water has the lower vapor pressure, it will
wind up in the bottoms product. Furthermore, AP has
a significant solubility in acetone and thus will
appear in this effluent stream. If NQ is at all
soluble in acetone, it will also appear in the
bottoms,

3. Carbon in the absorption columns would need to be
replaced periodically and thus constitutes an
effluent.

Intermediate and Final Products -~ The following intermediates are

present in the separation scheme:
1. AP-water solution
2. NQ-water solution

The final products are as follows:
ll AP
2. NQ

Equipment - The following equipment {8 required.
1. Extraction vessel
2, Crystallizers (2)
3. Solvent recovery still
4, Activated carbon absorption column
5. Filters (2)
6. Shredder
7. Slurry storage tank

Process Raw Materjals - These materials are:

1. Water

2. Acetone
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Ammonium Perchlorate and Aluminum Recovery From the Tartar and Standard
Miseile Bocster Propellants

Process Description ~ The process scheme that Tompa and French developed
for the recovery of Al and AP from the Tartar and Standard Missiles Booster
propellants entailed chemically degrading the binder and then proceeding with

ingredient separation and purification. A flow diagram of the separation

scheme is presented in Figure 6.

As with any process for the recovery of propellant ingredients, a plant
designed around the scheme in Figure 6 must include suitable size reduction
equipment for the waste propellant. The propellant is then combined with an
ammonia-water solution and is heated to 110°C The binder is degraded during
this operation by the reaction of ammonia on ¢:.e urethane linkage of the

Tartar formulation or the amide linkage of the Standard Missile propellant,

Afrer the resction i{s completed, the binder and aqueous phases are sepa-
rated, with the former containing the bulk of the Al and the latter contain-
ing the AP. The binder phase i{s then washed twice with fresh water, presum—
ably to remove any residual AP, The wash wacer is combined with the aqueous
solution and AP {8 crystallized by evaporating the solvent. The precipitate
is washed with acetone if additfonal purification is necessry. Although not
discussed by the investigators, the acetone wash would probably be combined
with the acetone wash in tha Al puri{ication segment of the process and re-
covered by distillation. Also, the aqueous AP and ammonia solution resulting
from the crystailizstion step could possibly be recycied to the reaction

step.

Aluminum is recovered by dissolving the degraded binder into a toluene-
isopropanol solution. (According to the investigators, only toluene was
needed when processing the Tartar propellant.) Since the Al is insoluble, {:
can be separated from the soluticn by simply allowing it to settle and de-
canting the liquid. The Standard Missile propellant contains ferric oxide in
small quantities. To separate it from the Al, the investigators found that a
small concentration of ethsnolsmine in the solvent system alded dispersion of
the o.ide so thest it could be decanted with the liquid. There was no diffi-
culty in removing other insoluble ingredients, presumably becauge they were
much lighter than Al and easily suspended in the solution. It wses reported

that several solvent washinga are necegary for isolation of Al, at least with
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the Standard Missile propellant. The 1solated Al is then dried, washed
with acetone, and dried again., Moat of the toluene-isopropanol solvent can
be recovered by distillation and reused.

AP recoveries of 73 to 86 percent and Al recoveries of about 90 percent
were reported for these two propellanta. Purities were reported to be within
federal specifications including particle size for the Al.

Effluents - The following describes process effluents.

1. The bottoms product from the toluene-isopropanol
solvent recovery would be one of the major efflu~
ents. It would contain the binder residue and
solids removed during the decanting procedure as
well as some solvent.

2., The bottoms from the acetone recovery would be an
effluent. It would contain & small amount of AP and

any soluble organica picked up in the Al wash step.

Intermediate and Final Products - The intermediate products in thie

process are 3s follows:
1. Degraded propellant in ammonia-water system
2., AP-water solution
3o Degraded binder, Al, and other solid ingredients

The final products are:
1. AP
2. Al

Equipment - Equipment required is:
l. Shredder
2. Slurry tank
3. Kesctor veasel
4. Crystallicer
5. Solvent recovery stills (2)
6. Tanks
7. Drier

Processe Raw Material - These materials are:

1. Water

2. Toluene
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3. Ac~tone
4, Isopropanol
Se Ammonia

Ammonium Perchlorate and Aluminum Recovery From Sidewinder IC Propellant

Process Description - The binder degradation approach was siggested for
this propellant using EA rather than ammonia as the reactive ingredient in
the solvent system. A toluene-propanol solution of 50Z in each solvent vas
selected for use because toluene aided the swelling of the propellant chunks
thus improving the transport of ingredients out of the materisl, =sr4 because

the solvent ifoieiﬁdi;idlvéa,”th;“eth;;;i;ifagnﬁé;éhforate anelog of Ak,

The separstion scheme is presented in Figure 7. As tefore, size reduc-
tion equipment would need to be a part of the process. The propellant is
reacted with EA in the toluene-propanol solution at 110°C. After the reac
tion is completed, the AP and Al are separated from the degrajed binder—sol-
vent solution. The solvent can, in part, be recovered by distillatfon

leaving a binder-rich, solvent—-poor soluticn as waste.

Tetrahydrofuran (THF) was the solvent selected to wash the AP and Al
free of residual binder material. The investigators indicated that several
washings were necessary to free the al of residue. The solven: is recovared
by distillation while the solids are dried and then blerded with hot water to
dissolve the AP. After decanting the liquid, perhaps one washing of the Al
with water would be necessary if high purity of the Al was desired. The Al
is then washed with THF to yleld metal high in purity.

Evaporative crystallization i{s performed on the aquecus solution to
precipitate the AP. The liquid filtrate would have a suall concentration of
AP and could be recycled to the AP dissolution step oreviously described if a
kigh Al purity is not a requirement. If it is a requirement, then some of
the solution would have to be treated as waste since, otherwi{se, &n inventory
of this contaminated water would be continually built up. The investigators
suggested washing the AP with acetone to remove any soluble contsminsnts.

This solvent would, of course, need to be recovered or treated as waste.

It is pogsitle that if the initial washing of Al and AP with THF {1s
thorough enough, the last washing of Al might be avoided. Gtherwise the THF
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from both steps can be combined and purified in the ssme recovery satep.
Introducing the additional solvent acetone in the AP wash step is something
that would be better avoided in a scaled up process. Therefore, either re-
crystallizing the material or insuring that the initial crystallization is
suffictently clean are two alternatives that deserve attention.

Effluents - The following describes process effluents:

1. The bottom product from the THF recovery unit would
be an effluent containing THF, binder residue, and
perhaps a little AP.

2., The bottoms product from the toluene-propanol re-
covery unit would be an effluent rich in binder
residue and other organics present in the original
propellant. Of course it would also contain some
solvent,

3. A water solution weak in AP would constitute an

effluent if Al purity is a concern,

Intermediate and Final Products - The intermediate products encountered
in this process are as follows:
1. Al and AP

2. AP-water solution
The final products of the process are Al and AP,

Equipment - Equipment required is:
1. Shredder

2. Tanks (2)

3. Drier

4. Crystaliizer

5. Solvent recovery units (2)

2.,1.1.6 Williams, Carver, and Huskins, Recovery of NHC From Propellants.
MICOM, T-78-92, October 1978

A process for the recovery of n-hexylcarborane (NHC) from Viper propel-
lant was developed by Williams, Carver, and Huskins. The incentive for the
process is the high cost of NHC, estimated at $1,350/1b. The method, by its
nature, 1s very specialized with limited application to other propellant

ingredient reclamstion processes.
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Process Description - A process flow chart for NHC recovery i3 presented

in Figure 8. The propellant is shredded to increase the specific sucface
area and contacted with péntaﬁé'to extract the NHC. The extract is filtered,
evaporated and distilled to yield the final product. The Pentane i{g recycled

:

in the process.

Chemical Reactions -~ There are no chemical reactions in the process.

- -

Eﬁfljéiia =~ The majdr effluents from the system would be the ex-
tracted propellant residue and the residue filter cake. Some pentane

and pentane vapor losses would also be expected.

Intermediate and Pinal Products ~ The following intermediate products

are present in the process:
1. Shredded propellant-water siurry
2. Propellant-pentane slurry

3, NHCjﬁEﬁtEhe sclution
The final product is n-hexylcarborane.

Major Equipment - The following items of major equipment are required to

support the process:
1. Propellant shredder
2, Propellant screaen basket
3. Extraction tank
4, Fileer
5. Solvent recovery still
6. Condenser
7. Storage tanks (2)

2.1.2 Unique and/or Original Concepts
Two unique and/or original concepts were proposed for disposal of wsste

Class 1.] solid propellant. The first method, manufacture of explosive

boosters, provides an alternate use or application for the waste propellant.
The second method, selective solvent extraction process, provides a method

for the recovery of major propellant ingredients. These concepts are dis~

cussed in the following paragraphs.
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2.1.2.1 Explosive Booster

The detonation characteristics of Class 1.1 propellants make them

excellent candidates for use as explosive primers or boosters. These boosters
are used as an initiation charge for blasting agents and are widely used in

mining, construction, and other industrial applications. A typical explosive
booster configuration would be approximately 3 in. in diame%er and 2-1/2 in,
long with a 5/16-in. diameter center perforation for placement of a blasiing

cap or primacord.

Description of Process = Uncured Class 1.l propellant would be cast into

mold sets to produce the desired size and shape for the primer or booster.
The mold sets would be placed i{n an oven and the propellant cured. The cured
propellant grains would be removed from the mold seta and packaged for ship-

ment. A process flow sheet 1s presented in Figure 9.

Chemical Reactions - The propellant binder is polymerized in this proc-

css. A typical polymerization reaction for a hydroxy-terminated polymer and
an isocyanate curing agent is shown below. '

0OH
'
HO-R-OH + O=CwN~-R'~NwCeQ ===—==-w—=+ =R-0-C-N-R'~

(Polymer) (Curing Agent) (Polyurethane)
The polymer formed in this reaction is referred to as a polyurethane.

Intermediate and Final Products - The following intermediate product is
formed in the disposal method.

° Unpolymerized propellant

The following final product 18 produced in the disposal method.
° Cured (polymerized) propellant

Major Equipment - The following items of major equipment are required
in the disposal method.

® Propellant casting equipment

° Propellant curing oven

Waste Effluent Streams ~ There are no waste effluent streams formed by

the disposal method.




\\

o SO
0

\

WASTE XLDB
PROPELLANT
(UNCURED)

“

" VACUUM CAST ~
INTO STD BOOSTER
SIZE MOLDS

v

CURE IN OVEN

y

" PACKAGE FOR
STORAGE OR SHIPMENT

] v

. Figure 9.
]

SHIPMENY
SUSHAE TO USER
Exnlosive Booster Process Flow Chart

49

[




2.1.2.2 Selective Solvent Extraction Process

The selective solvent extraction process, for the recovery of ingredi-
ents from waste propellant, is derived from analytical techniques developed
for the AfiPl-sponsored Minimum Smoke Chemical Structural Aging Program.

These anaiyzical techniques, shown schematically in Figure 10, were designed to
isolate and separate the unpolymerized (binder sol) and the polymerized
(binder gel) fractions of the propellant binder. Other propellant ingredi--
ents are aiao separated in the process. This separation technique is based

on the differential solubilities of major propellant ingredients.

This process 1is original in that it consider3 the unpolymerized fraction
of the binder (binder sol) as a separate ingredient. Binder sol causes the
shredded propellant to adhere ani agglomerate. Removal of the binder sol, as
planned in thie process, greatly imp=9ves propellant handling and increases

the efficiency of subsequent operations.

The selective solvent extraction process will, theoretically, accommo~
date composite, high energy and crosslinked, double~pase propellants. How-
ever, preliminary hazards analysis indicates incompatibility between the

nitrate ester and many additives present in composite propellants.

Materials Incompatible With Nitrate Ester

"‘Ingredient Function in Propellant
Feriocene Burn rate catalyst
Catocene Burn rate catalyst
Ferric Oxide Burn rate catalyst
HEMAP Bonding agent
Tepanol Bonding agent
Liquid Imines Bonding-c;ring agents
MAPO Curing agent
Iron Linoleate Cure catalyst

Incompatibility is determined by the Taliani test, in which the two
ingredients are combined in a confined vessel for 24 hours at a temperature
of 200°F. Incompatibility is defined as an explosion, burning, or a pressure

increase greater than 335mm mercury during the test. Incompatible combina-

tions of ingredients may be avoided with separate pretreatment facilities for




SHRED
EXTRACTION
WITH TOLUENE
INSOLUBLES SOLUBLES
BINDER GEL BINDER SOL
NITRAMINE NITRATE ESTER
AP STABILIZERS
EXTRACTION EXTRACTION
WITH ACETONE WITH ACETONE/HEXANE
INSOL SOL INSOL SOL

| |

BINDER GEL NITRAMINE AP  BINDER SOL NITPATE ESTER
STABILIZER

C) EXTRACT WITH WATER

INSOL SoL
NITRAMINE AP

Figure 10, Sol-Gel Extraction from Solid Propellant Chemical
Structural Aging Program




composite and nitrate ester propellants. The nitrate ester is removed
during pretreatment. Subsequent process facilities need not be separate.
Process isolation to avoid incompatible combinations of ingredients is a

common precaution in plants processing a varieéy of prenellact types.

Description of Process — The propoted selective solvent extraction pro--

cess is presented in flow chart form in Figure 1l. It includes unit opera-
tions for size reduction, nitrate ester and binder sol extraction, nitramine
and ammonium perchlorate leaching, and crystallization. All unit operations
in the proposed reclamation process are designed to be closed-loop processes
with solvent recovery. Raw material costs are thereby reduced and effluent
discharge streams eliminated. Common, readily available industrial solvents

have been selected for use in the process.

The propellant {8 first shredded into small pieces or chips to obtain
high surface-to-mass ratios. This ratio is a major controlling factor in
determining the cycle time and efficiency of subsequent extraction and leach-

ing processes.

The next unit operaton is an extraction process to remove the nitrate
ester, stabilizers, and the unpolymerized fraction of the binder (binder sol)
from the propellant. Several selective solvents are identified in Table 6
and have been used in the laboratory for this purpose. They include chloro-
form and toluene. Methylene chloride has also been used in other applics-
tions for nitrate ester extraction. A cocurrent multistage, batch contact
method of extraction has centatively been selected for this unit operation.
This method was selected becauese it offers a high recovery potential and is
adsptable to handling of highnenergy propellants. The shredded propellants
would be placed in a closed vessel in contact with the solvents. The mixture
would be gently agitated, settled, and the dilute extract removed. Recovery
of the solute 18 increased as the number of stages and the quantity of sol-
vent {8 increased. The concentration of the extract becomes increasingly

dilute in succeeding stages.

The final unit operation is a leaching and crystallization process to
remove the nitramine and ammonium perchlorate (AP) from the shredded propel-
lant. A continuous contact, batch leaching process with crystallization and
solvent recovery has tentatively been selected for this unit operation.

Recycled solvent 18 continuously introduced into the leaching vessel and
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TABLE 6

SOLUBILITIES OF SELECTED MINIMUM SMOKE PROPELLANT
CONSTITUENTS AS DETERMINED WITH SOL~GEL
EXTRACTION TECHNIQUES

Solute Recovery (I)*

Nitramine Binder Sol
PEG Desmodur

Solvent RDX HMX 2000 PGA PCP-026 N-100
Toluene 2.0 1.3 12.0 102.1 99.8 100.6
Dichloroethane 11.9 2.2 19.4 103.5 100.3 ==
Glyme 90.8 39.2 22.5 - 53.3 =
Acetone 100.1 93.8 9.8 100.0 6.7 100.2
Chloroform 2,2 1.4 91.7 102.3 102.9 102.6
Tetrahydrofuran 53.3 S o= 102.9 101.9 -—
Hexane 1.0 0.6 .4 0.2 0.9 0.8
Ethyl Acetate 69.5 31.2 7.1 101.4 11.3 -—
Acetonitrile -— 9.4 96.8 == =S ==

#*1 g Solute, 25 ml Solvent, &4 Washings
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extract continuously withdrawn. The nitramine and AP are removed from

the solvent by crystallization and the solvent recovered for reuse. This
method was selected because it offers a high recovery potential ard an
efficient use of the solvent. A two-stage leaching process is required for
propellants containing both nitramine and AP. A single stage is required for
propellants containing only AP, In the two—stage leaching process, the
nitramine and AP are dissolved and removed in acetone or DMSO., Both
ingredients are crystallized and the solvent recovered for reuse. The
recovered crystals are washed with water to dissolve and remove the AP.

After crystallization, the water is recovered as a dilute solution for reuse.
The nitramine may be left in a water wet cake for safe haudling and storage.
The AP may be left as a wet cake or dried depending upon planned disposition.
The process would not distinguish between nitraminea such as HMX and RDX or
between nitrate esters such as NG and TMETN.

The metal powder would be contained in the residual propellant binder

residue in this process.

gpenical Reactions - There are no chemical reactions involved in the

selective solvent extraction process.

Intermediate and Pinal Products - The following intermediate products

are present in the selective solvent extraction process.
1. Nitramine, oxidizer, solv..t solution
2. Nitramine and oxi{d{zer mixed crystals
3. Oxidizer and water solution

The following final producte ..e produced.
1. Nitrate ester, stabilizer, solvent solution
2. Nitramine
3. Oxidizer
4, Metal powder, binder sludge residue

Material Balance - The selective solvent process is defined by the

following material balance equations.
1. Nitrate Ester

(XP(P) = (Y)(B) + (X)(R) + (X)(N) + (X,)(A)

2. Nitramine

(Y )(P) = (Y )(E) + (YR)(R) + (YN)(N) + (YA)(A)
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3. Oxidizer

(Zp)(F) = (Zp)(E) + (Zp3(R) + (ZD(N) + (Z,)(A}

LR Metal Powder

(UR)(B) = (URX(E) + (UR)(R) + {U)(N) + (T,)(A)

Where:

= propellant feed stock (1b/hr)

= extract (1b/hr)

= residual sludge (1b/hr)

= nitramine produce (lb/hr)
oxidizer product (1b/hr)

= nitrate ester concentration (%)
= aitramiue concentration (X)

= oxidizer coucentration (%)

S N < X P> Z M @ '3
[ ]

= metal powder concentration (%)

Special Equipuwent ~ The selective solvert extraction process uses the

following items of major process equipment.

1. Shredder

2. Leaching Tanks

3. Crystallizers

4, Filter

5. Solvent Still
All equipment must be corrosion resistant and compatible with surface ester
handling.

Unique Chemical Handling ~ Handling of nitroglycerin (NG) in its pure

state is prohibitive because of its extreme sensitivity. It is normally
diluted to a concentration of approximately 70 percent with an inert diluent
and stabilizers added for safe storage and handling. The selective solvents
used in the extraction process would serve as an inert diluent for interim
handling, transfer and storage of the extracted NG. Stabilizers are extract-
ed with the NG. The storage containers would require vapor seals to prevent
loss of the diluent by evapora“ion, however. The NG would be transferred to

a less volatile diluent for any long~term storage.
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Dry HMX and RDX are very sensitive to ignition by electrostatic dis-
charge. Although processed in a dry powder form, the material is generally

transported and stored as a wet cake.
2.1.3 Laboratory Experiments

Laboratory experiments were performed to further expand the data base
for the Tompa solvolysis process and the selective solvent extraction pro-

cess,

Solvolysis - Samples of three polyurethane propellants (PGA-NG~HAMX-Al-
AP, PEG-NG-HMX-Al-AP, and HTP3-Al-AP) were treated with ethanolamine to eval-
uate the solvolysis of the binder systems. The NG was removed from the pro-
pellants by solvent extraction prior to the solvolysis reaction. Conditions

for the solvolysis are summarized below:

Toluene-Isopropanol 1:1
Ethanolamine Concentration 2.0 molar
Propellant-Solvent 30g/100ml
Temperature 20°C
Reaction Time 16 hr

The results of this test are presented in Figuce 12. The PGA binder was
completely dissolved by the process leaving the HMX, AP, and Al powder in a
free flowing slurry. The PEG and HTPB propellants were swollen but not de-
graded or dissolved by the rRolvents. Additional treatment for 7 hours at
80°, 90°, and 120°C also failed to produce binder dissolution. It was there-
fore concluded that the ethanolamine solvolysis process is binder-selective
and would therefore have limited application in a propellant ingredient

t. ... vation process.

Selective Solvent Extraction - Four candidate solvents were evaluated

for the selective extraction of nitrate esters and several common binder sols
in the presence of nitramines, oxidizers, and other ingredients found in most
solid propellant ingredients. The solvents evaluated were chloroform, methyl
chloroform, toluene, and methylene chloride. The solutes include nitroglycer-
ine, HMX, RD'X, AP, and a variety of binder sols. One-gram samples of solute
were wagshed four times with 25 ml of solvent and the solute recovery deter-

mined. The results of the tests are summarized in Table 7, As noted in the
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" TABLE 7

SOLVENT EVALUATION

Solute Recovery (X)»

Methyl Methylene
Solute Chloroform Chloroforu Toulene Chloride
® Binder Sol
e HIPB 100 - -_ -
e CTPB 100 — -_ —
e PEG 2000 - S2 12 —
e PEG 4000 2 - L 100
e PCP 026 - 100 100 ==
® PGA — 100 100 100
e N-100 100 100 100 100
e BITA 100 -— -— -
e Nitrate Ester
e NC 100 100 100 100
® Nitramine
¢ HMX 1.3 1.4 1.3 1.4
® RDX == 2.2 2.0 -
® Oxidizer
® AP — -— - 0.5
#] g Solute, 25 ml Solvent, &4 Washings




table, all four solvents will selectively dissolve nitroglycerine in the
presence of HMX, RDX, and AP. Some variation was observed in the ability to
dissolve binder sols, especially the polyethylene glycols (P32G).

Two candidate solvents were evaluated for the extraction of HMX and AP,
Ternary solubility data were developed for the HMX-AP-acetone and HMX-AP-DMSO
ayatems. Theae data are presented in Tables 8 and 9 and in Figure 13. As
noted in the tables, HMX and AP are soluble i{n both solvents. The solubility
of HMX 1in DMSO is reduced ten-fold in the presence of AP, The solubility of
AP i{n either solvent was observed to be somewhat insensitive to tempera-

ture.

The ignition sensitivities of intermediate products of the selective
solvent extraction proceaa were determined. Samplea of NEPE-HMX-AP-Al pro-
pellant were extracted with chloroformacetone and chloroformDMSO to provide
repreaentative intermediate product samplea., The ignition modes evaluated
were impact, friction, electrostatic diachhrge, and temperature. The
reaulta of these teats are aummarized in Table 10. Two observationa are
apparent from these data.

1. Chloroform acta aa a aolvent and an inert diluent
for safe haandling of.the extracted NG.

2. The dry HMX-AP crystals are sensitive to ignition by
impact and friction. The wet cake ia eletrostatic

senaitive due to the flammability of the acetone.

Testing of the DMSO extract was discontinued. The high boiling point
and low solubility dependence on temperature exhibited by DMSO made HMX-AP
crystallization by evaporation and cooling very difficult., HMX cryatalliza-
tion could be induced by the addition of water, but recovery of AP from the

resulting DMSO-water aolution becomes even more involved.
2.1.4 Evaluation of Available Reclamation Technology

The potential reclamation methods identified were evaluated based upon
the following technical and economic indicators.
1. Technical Feasibility
2. Adaptability
o Complexity

4, Raw Materials




TABLE 8

TERNARY SOLUBILITY DATA
HMX, AP, ACETONE

Temperature Concentration (5/100 mi sol) Concentration (wt X)#
(°F) AP HMX AP X Acetone
40 1.63 - 2.06 0.00 97.94 o
- 1.70 0,00 2,15 97.85
2,35 2.87 2.97 3.62 93.41
60 1.60 — 2.02 0.00 97,98
- 2.29 0.00 2.89 97.11
2,50 3.11 2.16 2.92 92.91
- 2,20 0,00 2,78 97.22
2.35 3.54 2.97 4,47 92,56
— 205‘ 0000 3021 96079
2.38 .11 3.01 5.19 91.80
120 1.68 -— 2.12 0.00 97.88
2,37 4.64 2.99 5.86 91,15

*Calculated Based on Solution Density of 79.2 g/100 ml,.




TABLE 9

TERNARY SOLUBILITY DATA

HMX, AP, IMSO

Temperature Concentration (g/100 ml sol)

Concentratior (wt I)*

(°F AP HMX AP X DMSO
40 47,1 - 37.4 0.0 62.6
——an b2 e b2 1 2 '

60 49,7 - 39.“ 0.0 60.6 g .
- 3608 000 29.2 70.8
47.2 3.1 37.5 2.5 60.0
80 SO.‘ - 40.0 0.0 6000
- 1‘506 0.0 36.2 63.8
48,3 4.9 38.3 3.9 57.8
100 50.7 — 40.2 0.0 59.8
—_— 47.9 0.0 38.0 62.0
47.3 6.1 37.5 4.8 57.7
120 50.7 — 40.2 0.0 59.8
= 49.1 0.0 40.0 60.0
42.5 8.5 33.7 6.7 59.6

#*Calculated Based on Sclution Density of 1.26
**Phase Change at 40°F




trvafeyq A3yrIqnros Kieuiag

‘g1 @an8yy

dv

06

4]

/‘

/\

6 — o

96
86

ELEN |

63




— 1 244 1154 ] 298/33 § I 008
€0 < (144 ] I8/3) y W (2
= "< L, M 09/3) ¢ 3% 001
" {49 cTey 998/3) ¢ I® Of
-— 1249 Ty 298/3) ¢ 3® 001
(1.) () (ovynol) (1sd)
ae3smiio1e) ssnzeaedwiy slseypulg [ Z1EE3¢ V)
Soywovog svB0l3jul O3 NY JOPa01001300
sssTVI3®319] 310

«(T11) Tea#] voyajal] proyesiul

0T 314Vl

wIeqIova I02Tdere
4,00¢ 0 Ly,
vo}3jull 3@ £331399901d 10°0s

[ ] v 1y ‘DE I¥ IV 39 ‘TO IV °
erpjevy lapsig
o IC°0 ‘AV 19°07 ‘D& X9l o
1 343 Jnpoxd L3¢ @
Iesajof I7 ‘I1anpord 3196
14} T IM ©
33813X] #003IIIY
08 I VIS IC ‘TN X966 o
[ 34 ] Lac2 1l I
18108 30¢ ‘Iesateg 30L
”n vaganios o
3303333 WiCjoI0TD
(=) woridjireaq sjdess
Yeduy

INVT13d0¥d 1V/d4V/XIH/3d3AN
SLONQ0¥d JLVIAIWJILINI 30 ALIAILISNIS NOILINOI

64




S. Scale-up Capability
6. Safety
7. Environmental Impact

A desirability rating from 0.1 to 1.0 was assigned to each indicator
according to the criteria defined in Table 11, Technical feasibility was
besed on the amount of supporting data available. Adaptability was based on
the range of propellant types that the process would accommodate. Complexity
was established by the number cf unit operations. Process raw materisl re-
quirements indicate the degree of solvent and chemical consumption. Scale-up
capability was based on the uniqueness of the unit operation. Safety con-
siders the degree of hazards associated with the process. Environmental
impact was based on the quantity and type of efflueut streams. Markets for
the reclaimed ingredients or conversion products were not considered in the
evaluation since they have not been developed in most instances.

Each process was assigned individual ratings from each technical and
economic indicator. These ratings ar: summarized in Table 12. A composite
rating or desirability factor® was then calculated for each process. Ratings
varied from 0.25 to 0.82 for the processes evaluated. In the composite pro-
pellant disposal processes, the McBride AP recovery process received a low
rating, primarily because of the nature of the -ammonia solvent and the deton-
ability of ammonia-AP solutions. The McIntosh aluminum powier recovery pro-
cess was rated low because of economics--costly raw materia! consumption in
the esterification process and high energy consumption in the pyrolysis pro-
.cess. The Sinclair confined space shot process was not felt to be scaleable
and had potentisl safety problems. The Tompa NQ-AP recovery process and the
'Ailliams NHC recovery process are restricted to epecific propellant formula-
tions and therefore are limited in application.

All high energy propellant disposal processes received a low safety

rating since explosive materials (NG, HMX, etc.) are involved. 1In addition,
the Tompa solvol:~is process was rated low for adaptability and raw material

since it appear: “0 be binder selective and consumes chemicals in the

process.,

* _n
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TABLE 11

PROCESS EVALUATION CRITERIA

¢ Technical Feasibility
¢ Pilot Plant and/or Production History
® Laboratory Data
® Theoretical
e Adaptability
¢ High Energy and Composite Propellants
e High Energy or Composite Propellanta
@ Specific Propellant Formulations
e Complexity
® 1 to 6 Unit Operations
7 to 9 Unit Operations
@ >10 Unit Operations
® Process Raw Materials
® No Material Consumption
® Solvent Replacement and/or Make-up
® Reacctive Materials Consumed
® Scale-up Capability
° St;ndard Unit Operation
® Variation/New Application
® New Concept
e Safety
® Nonhazardous
® High Pressure, High Temperature or Flammable
® Explosive or Toxic
® Eavironmental Imvpact
® No Effluents
® One or More Nonhazardous Effluents

® One or More Hazardous Effluents
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Based on this preliminary evaluation, the following nonincineration
disposal methods were identified as the most economical and environmentally
acceptable for further evaluation:

1. Composite (Class 1.3) Propellant

a. Conversion to a fire starter

b. Conversion to a slurried explosive

c. Recovery of smmonium perchlorate by aqueous lecaching
2. High Energy (Class 1.1) Propellant

a. Conversion toc an explosive booster

b. Recovery of majcr ingredients by a selective

solvent extraction process

The composite propellant disposal methods identified are being evaluated
and scaled up in a Manufacturing Technology For Solid Propellant Ingredients-
Preparation Reclamation Program funded by the Air Force Wright Aeronautical
Laborstories (Contract F33615-81-C-5125). Therefore, only the high energy
propellant disposal methods will be evaluated and discussed in the balance of
this report.

2,2 BENCH SCALE DEMONSTRATION OF SELECTED DISPOSAL METHO<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>